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(57) Abstract 

In the Global System for Mobil Communication (GSM) an improvement in estimating the channel impulse response (CIR) is obtained 
by starting up two channel estimators using the midamble and obtaining channel estimations with split burst, the two estimations are then 
cross-correlated to obtain the estimated CIR. 
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DUAL DIRECTION CHANNEL ESTIMATOR 

The present invention relates to a method for improving the working of mobile 
telephone communications particularly in the Global System for Mobile 
Communication (GSM). 

GSM is a digital system which will give a higher quality of service than analogue 
systems and has a higher capacity for users than in an analogue system. 

In GSM the communication has a burst structure and it is necessary to estimate the 
channel impulse response (CIR). There is a problem in estimating the CIR in the 
current GSM system In the current GSM equaliser, the overall channel impulse 
response (CIR) is estimated by cross-correlating the received signals in the midamble 
portion with the known midamble sequence. Based on the assumption of a static 
channel during the time slot, the estimated CIR taps are used throughout the entire 
burst. It has found that the performance of the current channel estimation techniques 
suffers at least 2 dB degradation when compared with the benchmark, defined as the 
performance when ideal CIR taps are available at the equaliser. 

The degradation can easily be seen with the following example. If a car is travelling 
at 120 kilometres per hour, its Doppler frequency shift will be about 100 Hz at the 
current radio frequency. The period of the Doppler frequency is 10ms. On the other 
hand, the GSM burst is about 0.577ms, thus it takes about one-eighth the half 
Doppler frequency period. Future personal land mobile telecommunication systems 
(IMT-2000)/UMTS) will use 2GHz, so the Doppler frequency shift will be 220Hz at 
120 kilometres per hour. This means that during the burst the fading could vary from 
nearly maximum to minimum. Therefore, the assumption of a (quasi) channel is not 
true and tracking the CIR estimation during the data mode will be compulsory. 

We have devised a system for reducing or overcoming this problem 

According to the invention there is provided a method for estimating the CIR in GSM 
a system in which method two channel estimators are started up using the midamble 
and channel estimations are obtained by channel estimators using the midamble with 
split burst, the two estimations are then cross-correlated to obtain the estimated CIR. 
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In an alternative embodiment of the invention an unbiased estimation method can be 
used in place of a cross-correlator to obtain the CIR. 

The current channel estimation method can be used to fast start-up the two channel 
estimators and RLS algorithms can be used to track the changes of the channel and 
update the CIR during the data mode. 

A block diagram of the method of the present invention is shown in Fig. 1 . 

In carrying out the method of the present invention preferably firstly the midamble is 
used to start-up both channel estimators and secondly channel estimations are 
obtained by channel estimators using midamble with split burst. 

By using split burst, full advantage can be taken of the cross-correlator and this 
reduces the delay introduced by the channel estimators. The re-use of midamble in 
both channels can reduce or overcome the inaccuracy from the cross-correlator under 
Gaussian noise and co-channel interference. 

To maximise the transmission rate of useful data over the burst, preferably an 
estimate of the sampled CIR is needed in the shortest time, with the shorter the time 
the better the transmission rate, preferably therefore an optimum estimation process is 
used together with training signal to enable a best estimate of the CIR to be obtained. 

When an unbiased estimation method is used instead of cross-correlation method the 
description of the algorithm of the unbiased channel estimator is given by: 
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where H k is an m-component row vector which represents the CIR, H k is an m- 

component row vector which represents the optimum estimate of CIR, S is an m by m 
element matrix of transmitted signals and R. is an m-component row vector of 
received signals. N is an m-component row vector of additive white Gaussian noise. 

If we can get the inverse matrix of S, an unbiased linear estimate of H k will be 
obtained. Because H,S=R, the estimated H, maximises its likelihood function 

2 

PfR./HJ and minimises E\H k S-H k S\ . Thus H k is also the maximum likelihood 
estimate of//, from R. . 

k i 

This method will use fewer bits than the cross-correlation method for the same CIR 
length. The extra bits in the midamble can be used for further channel estimation. 
Better channel estimation can be expected by averaging these two estimations. This 
method only needs to choose another sequence in midamble and requires no further 
modification in GSM system. 

An embodiment of the proposed channel estimator of the present invention is 
described as follows: 

For the proposed channel estimator the cross-correlation estimation or unbiased 
channel estimation is used to fast start-up the transversal filter channel estimator 
which is used during the data mode in the channel estimator. The midamble will go 
through the channel estimator again to train the channel estimator. This double use of 
the midamble guarantees the convergence of the channel estimator. This method is an 
optimum estimation process and solves the convergence speed problem of channel 
estimators. Dual direction channel estimation can reduce the process delay to half 
and reusing the midamble will take full advantage of the known sequence. 

This is illustrated in Fig. 2. 

Use of Transversal Filter Channel Estimator 

During data mode, there could be some errors in the decisions, therefore use of an 
unbiased estimation or cross-correlating method could give rise to difficulties. To 
overcome this a transversal filter channel estimator can be used during the data mode 



WO 99/60759 



PCT/GB99/01589 



- 4 - 

in the proposed channel estimator and the structure of the LMS channel estimator is 
shown in Figure 3. 

For the proposed channel estimator, tentative soft decisions can be used in order to 
use more reliable decisions S(k) = fS^ S /f ... S k ;J S k ) 

So S(k) now is not only time dependent but also tentative soft decision dependent 
because of the channel estimate. The channel parameters h. can be estimated by using 

the LMS or Kalman algorithm. 

The channel estimator may introduce some delays depending on the structure, 
therefore the estimate of CIR is a delayed estimate and a predicted CIR is needed. 
The longer the delay before using a soft decision, the more reliable that decision is for 
the channel estimator. However, if decisions with longer delays are used, prediction 
with more than one step will be required. 

The least-square fading memory prediction can be used for fast changing channels. 
The equations are given by 

where H 9 means one step prediction of the first derivative //'. ,, and 0 is a real- 
valued constant in the range 0 to 1 . The bigger the value of 0, the greater the number 
of estimates that are effectively involved in a prediction. 

The method of the invention enables better channel estimation can be obtained and 
the degradation in current systems can be overcome. 
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Claims 

1. A method for estimating the CIR in GSM a system in which method two channel 
estimators are started up using the midamble and channel estimations are obtained by 
channel estimators using the midamble with split burst, the two estimations are then 
processed to obtain the estimated CIR. 

2. A method as claimed in claim 1 in which the two estimations are cross-correlated 
to obtain the estimated CIR. 

3. A method as claimed in claim 1 in which the two estimations are processed by 
means of an unbiased estimation method to obtain the estimated CIR. 

4. A method as claimed in claim 1, 2 or 3 in which a channel estimation method is 
used to fast start-up the two channel estimators. 

5. A method as claimed in claim 4 in which RLS algorithms are used to track the 
changes of the channel and update the CIR during the data mode. 

6. A method as claimed in any one of the preceding claims in which firstly the 
midamble is used to start-up both channel estimators and secondly channel 
estimations are obtained by channel estimators using midamble with split burst. 

7. A method as claimed in any one of the preceding claims in which an optimum 
estimation process is used together with a training signal to enable a best estimate of 
the CIR to be obtained. 

8. A method as claimed in any one of the preceding claims in which the cross- 
correlation estimation or unbiased channel estimation is used to fast start-up the 
transversal filter channel estimator which is used during the data mode in the channel 
estimator the midamble going through the channel estimator again to train the 
channel estimator. 
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9. A method as claimed in any one of the preceding claims in which a transversal 
filter channel estimator is used during the data mode in the channel estimator. 

10. A method as claimed in any one of the preceding claims in which the least-square 
fading memory prediction is used for fast changing channels. 
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